The effect of total parenteral nutrition on nutrients absorption and glycoprotein changes ofbrush border membrane was examined in rat small intestine. In total parenteral nutrition rats, a marked decrease in activity of brush border enzymes was observed mainly in the proximal and middle segments of the intestine. Galactose perfusion ofjejunal segment showed that hexose absorption was significantly inhibited, while intestinal absorption of glycine or dipeptide, glycylglycine was not significantly affected by total parenteral nutrition treatment. When brush border membrane glycoprotein profile was examined by ['H]-glucosamine or ['H]-fucose incorporation into jejunal loops, significant changes were observed in the glycoprotein pattern of brush border membrane especially in the high molecular weight range over 120 kDa after total parenteral nutritiontreatment, suggesting strong dependency of glycoprotein synthesis on luminal substances. Molecular weight of sucrase isomaltase in brush border membrane detected by specific antibody showed no significant difference, however, in total parenteral nutrition and control rats. Also, molecular weight of specific sodium glucose cotransporter of intestinal brush border membrane detected by selective photoaffinity labelling was not altered in total parenteral nutrition rats. It may be that prolonged absence of oral food intake may produce significant biochemical changes in brush border membrane glycoprotein and absorptive capacity of small intestine, but these changes were not observed in all brush border membrane glycoproteins.
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Ingestion of food and the presence of nutrients in the intestine appear to play an essential role in the maintenance ofnormal small bowel structure and function. It is known, for example, that when exogenous luminal nutrition is completely excluded from the intestine of animals, mucosal hypoplasia develops in the small intestinal mucosa. " Total parenteral nutrition, unlike starvation, is able to examine the effect of exclusion of luminal feeding without alterating total body energy and nitrogen balance."
Brush border membrane of small intestinal absorptive cells contains various hydrolases and carrier molecules and is known to be the most biologically active site where assimilation of dietary nutrients takes place. 6 Although total parenteral nutrition affects the small bowel morphology and function, there is relative paucity of data concerning how total parenteral nutrition produces changes in biochemical and biophysical properties in the brush border membrane.7'" The aim of this study is therefore to compare the absorptive function of different kinds of nutrients in the rat small intestine maintained with total parenteral nutrition and also to elucidate whether any biochemical changes occur in the glycoproteins and glycoenzymes of brush border membrane of these animals.
Methods

ANIMALS AND METHOD FOR TOTAL PARENTERAL NUTRITION
Male Wistar rats initially weighing 200 g were used for these experiments. The technique used for total parenteral nutrition was a modification of the one described by Steiger, Vars, and Dudrick. 2 Briefly, an indwelling silastic catheter was passed through the jugular vein into the right atrium. The intravenous feeding line was attached to the swivel and to the rat by a harness. Intravenous nutrients were infused throughout the 24 hour period with an infusion pump (Truth type B-II, Tokyo) at 30 ml/day in the beginning and gradually increased to an infusion rate of 50 ml/day by the beginning of the fourth postoperative day. Nutrients solution contains: glucose 206 g/l, amino acids 33 g/l, electrolytes (Na, K, Cl, Mg, Ca, P), vitamins, trace elements and essential fatty acids. Control rats were sham operated and fitted with harness assemblies similar to those fastened to the backs of parenterally fed rats. Control rats were orally fed with the same amount of nutrient solution per day served ad libitum. The metabolic tolerance to this regimen was monitored by the general appearance of the animal, by blood test and by urine testing to exclude glycosuria, proteinuria, and aciduria.
TISSUE PREPARATION AND ENZYME ASSAY Fourteen days after initiation of total parenteral nutrition, intestinal absorption and glycoprotein synthesis were determined in parenterally and enterally fed rats. A 10 cm jejunal segment distal to the ligament of Treitz, a 10 cm middle small intestinal segment and a 10 cm ileal segment ending 5 cm from the caecum were removed. The mucosa was scraped from each segment and brush border membrane was prepared by the method of Kessler et al. " Figure 1 proteins labelled by [3H]-glucosamine intense labelling in the region from 80-2 in the control rat jejunum. There were sig changes in their incorporation pattern afi parenteral nutrition treatment and especially high molecular weight glycoprotein bands over 120 kDa were mainly suppressed in total parenteral nutrition rats. Namely, glucosamine incorporation into 250, 210, 120 and 85 kDa glycoprotein were remarkably decreased in total parenteral nutrition rats, in contrast with the increase of glycoprotein incorporation into 110 kDa glycoprotein. Fucosylated glycoprotein pattern in control and total parenteral nutrition rats is shown in Figure 2 . Similar to the [3H]-glucosamine incorporation, there was selective decrease in several bands, mainly glycoproteins of molecular weight over 120 kDa after total parenteral nutrition treatment. In total parenteral nutrition rats, the fucosylated glycoprotein synthesis of 220, 120, 100 kDa was significantly decreased, whereas 110 kDa glycoprotein was rather increased. From these observations, there is possibility that by the total parenteral nutrition treatment, mainly biosynthesis ofhigh molecular weight glycoproteins are suppressed in the brush border membrane of jejunal mucosa.
MOLECULAR WEIGHT OF SUCRASE ISOMALTASE
Sucrase isomaltase isolated from jejunum of total parenteral nutrition treated rat contained 120 kDa of sucrase subunit and 140 kDa of isomaltase subunit as judged by sodium dodecyl sulphate polyacrylamide gel electrophoresis in denatured condition. These molecular weights of sucrase and isomaltase were identical to those of control rat (Fig 3) .
Iamide ed in
In all MOLECULAR WEIGHT OF SPECIFIC GLUCOSE ased TRANSPORTER are Molecular weight of specific sodium glucose cotransporter of intestinal brush border membrane was analysed by fluorescein isothio-R cyanate using sodium dodecyl sulphate polyacrylamide gel electrophoresis (Fig 4) . The mbrane molecular weight of this transporter was 80 kDa, porters and this molecular weight was not altered after r there total parenteral nutrition treatment, suggesting border that so far as each glucose transporter is conpattern cerned, no significant changes in molecular form carbo-of transporter had occurred with total parenteral amined nutrition treatment in spite of the decreased cyl sul-glucose absorption. In total parenteral nutrition treatment, significant changes occurred in the glycoprotein pattern of brush border membrane, especially those ofhigher molecular weight over 120 kDa in our study of radiolabelled sugar incorporation. Decrease in these glycoproteins suggests the possibility that glycoproteins in brush border membrane were continuously stimulated by the luminal substances which have direct contact with mucosa. As four hours after the administration of radiolabelled sugar, these glycoproteins are supposed to be just processed to the brush border membrane at that time,'4 these changes by total parenteral nutrition may reflect the alteration of their de novo biosynthesis rather than the changes in their degradation process Crane correctly inferred earlier that for hexose transport the needed metabolic energy is delivered to the active transport carrier for glucose and galactose by coupling them to the flux of Na+ moving across the brush border membrane in response to a lumen-cell Na+ gradient.32 In the present study, we have shown that the disappearance rate of two different concentrations of galactose from intestinal segment was significantly inhibited by total parenteral nutrition treatment. Although glucose/galactose transportation was significantly altered by total parenteral nutrition treatment, selective photoaffinity labelling for transporter properties showed that there were no significant changes in their molecular weight. Our results were in agreement with the observation of Kotler et al7 who indicated that luminal nutrients maintain carrier mediated glucose transport after direct contact with the mucosa and that nutrient effect appears to involve an increased number of glucose carriers. On the other hand, glycine and glycylglycine absorption was not altered by the total parenteral nutrition treatment. As single or two substrate concentrations were used in these perfusion studies, it is difficult to interpret the characteristics of absorption such as carrier number or affinity. It is now known that there are multiple transporters for amino acids with overlapping specificity. At least four different Na+ dependent transport systems for neutral amino acids have been described for brush border membrane of the small intestine."3 Moreover, the transport systems for peptides differ from those for amino acids, but the number of these systems has not been clarified."4 Hoshi et al showed the relative importance of intact dipeptide transport in protein assimilation and suggested that glycyl-L-leucine uptake by guinea pig small intestine is actively transported through H+-ion dependent carrier system." The exact reason why total parenteral nutrition did not affect glycine and glycylglycine absorption was not known. It may be justified to say, however, that the multiplicity of systems seems to work as a protective mechanism to ensure the adequate uptake of peptides.
There might be complex interrelationships existing between the presence of luminal nutrients
